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Sustainable urban forests are defined as the naturally occurring and planted trees in cities 
which are managed to provide the inhabitants with a continuing level of economic, social, 
environmental, and ecological benefits today and into the future. A Model of Urban Forest 
Sustainability was developed by James R. Clark, Nelda P. Metheny, Genni Cross, and 
Victoria Wake, to better understand what defines a sustainable urban forest. The Model is 
based on performance indicators, that are used in evaluating and defining the health and 
sustainability of an urban forest resource. 
In this professional paper, the model, is applied to the urban forest resource in Missoula, 
Montana. This model output is critical in assessing not only Missoula's level of urban forest 
resource sustainability, but also to provide future direction to the program. The exercise is 
also being used to critique the model in order to provide more localized interpretation to 
hitermountain West communities. 
The results of this exercise show great promise for Missoula's current urban forest resource 
and its future. Nationally, the model shows that Missoula ranks above average in areas such 
as intra-agency/neighborhood/local business cooperation as well as local and regional urban 
forest planning efforts. Missoula also ranks above average in its competency of service to 
the resource, enforcement mechanisms, tree-care standards, risk management, and organic 
disposal. Missoula ranks average in its level of assessment for the forest resource, as well 
as its comprehensive funding level. Two key areas in improving Missoula's level of urban 
forest sustainability is to upgrade and expand the resource inventory capabilities and to 
increase funding to accommodate the continued growth and expansion of Missoula Valley 
and its subsequent urban forest. 
The Intermountain West is a very young region, with respect to the concept of urban 
forestry. Regionally, there are many challenges that must be considered when evaluating the 
sustainability of a vegetation resource. Overall age of the resource, climate/species 
composition limitations, tax-base and legislative action are all challenges that are faced in 
the Intermountain West. The results of this exercise provide necessary feedback to retrofit 
this model to the bio-social conditions of the Intermountain West. 
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CHAPTER 1. INTRODUCTION 
1.1 Background 
Urban forests are complex ecosystems created by the interaction of anthropogenic and 
natural processes. Urban Forestry is the science of managing the coexistence of people 
living within natural and artificially created landscapes within urban settings. Urban forestry, 
as a sub-discipline of forestry, is an attempt to make these urban hardscapes more suitable 
for human existence. 
Urban forestry has evolved as a result of three independent factors. The first factor 
involved the expansion of urban centers. As more people concentrated in cities, urban 
centers exploded and began interfacing with woodlands. The second involved a steady 
change in social values in which there was a shift to reflect urban living. This shift began 
exerting a strong influence on the way rural land was managed. Finally, the process of 
urbanization has had a negative impact on vegetation deep within cities, at the urban/rural 
interface, and within rural forests (Miller 1988). 
The Industrial Revolution in the mid-nineteenth century brought crowding and 
pollution to many of our American cities. The natural reaction to crowded urban centers 
dominated by industry and crammed housing was to move out. This first wave of suburban 
sprawl took place in the 1920's, which supported negative social attitudes toward cities. The 
single-family dwelling and the desire for open space became the social norm for the middle 
class. With the introduction of trains and trolley lines, transportation to and from work 
became more accessible, further supporting urban sprawl (Miller 1988). 
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Global urbanization is one of the primary catalysts for the evolution of urban forests 
and their corresponding management. Table 1 reflects the change in population over the last 
century. In 100 years, we have seen the urban world population jump from a mere 14% to 
over 50% of the world's population. Urban forestry will be a critical component in 
sustaining these communities. 
Table 1: Change in World Population and Urban Population Since 1900 
Year World Pop. Urban Pop. Percent Urban 
1900 1.6 billion 224 million 14% 
1930 2.0 billion 415 million 20% 
1950 2.5 billion 733 million 29% 
1970 3.6 billion 1 4 billion 37% 
1990 5.1 billion 2.2 billion 43% 
2025 8.5 billion 5.1 billion 60% 
Source: Piatt 1994, table 5.1 
In 1956, Congress authorized the construction of a vast system of interstate highways 
in the United States. The initial plan was to construct 36,000 miles of freeways across the 
country for the purpose of national defense. With the advent of the automobile, freeways 
appeared to be a critical need for the country. These highways were originally intended to 
approach, but not penetrate, cities. However, members of Congress from urban districts 
leveraged federal assistance to extend these freeways into urban centers in an attempt to 
mitigate existing traffic problems. Unfortunately, most of the highway systems backfired and 
no longer provided central access to cities. Rather, highways fostered easier access for 
people to flee to the country (Miller 1988). Open space was lost to suburbs and suburban 
dwellers had to be content with what they had. They had the option of escaping to the 
countryside, while residents of the central city were effectively cut off from nature (Miller 
1988). 
The low population density of the suburbs brought with it ample room for residents 
to create their own landscapes. Broad boulevards and parkways were the norm rather than 
the exception. Residential yards and community open spaces were planted prolifically. 
Communities around the country used trees in their landscapes to create spatial barriers 
between residents, as well as to define streets and neighborhoods. As this vegetation 
continues to age, there will be an increased demand for services aimed at maintaining tree 
resources for future generations to come. Missoula's urban forest resource is a tremendous 
asset to the region and to its residents. In my experience, Missoula's urban forest resource 
on public street rights-of-way is one of the few that has defended itself against growth and 
development and has remained in its original conception. I estimate there are over 50,000 
publicly-owned trees that inhabit streets, parks, cemeteries and other developed public lands 
within the Missoula City limits and many more thousands scattered throughout the valley 
floor. A large portion of the public street trees were inventoried in 1993 and number 
approximately 11,000 (CANOPY 1998). I estimate there are approximately 3,000 additional 
street trees that have not been inventoried and approximately 5,000 additional public trees 
located in developed parklands. The City of Missoula is also responsible for many hundreds 
of thousands more trees that exist on undeveloped parklands, including conservation lands, 
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riparian buffers, and undeveloped parks. Therefore, Missoula's urban forest resource that 
is in public ownership may number over 200,000 trees. The formal plantings that have been 
inventoried thus far have been appraised at over $26 million (CANOPY 1998). 
An urban forest may be defined as the sum of all woody and associated vegetation 
in and around dense human settlements and populated places, ranging from small 
communities in rural settings to large, metropolitan regions (Deneke and Grey 1986, Miller 
1988). In 1982 it was estimated that this forest covered as much as 69 million acres. This 
estimate includes not only tree-lined streets, but parking lots, schoolyards, downtown 
beautification, parks, riverbanks, cemeteries and even residential yards (Clegg 1982). 
If the urban forest is the sum of all woody and associated vegetation, then urban 
forest management is the establishment and care of this resource. Urban forest management 
can be described as the process through which urban forests are manipulated to provide 
multiple, long-term benefits to urban society (Shaffer and Moeller 1979). It must be kept in 
mind that the majority of urban forests are under individual private ownership. The 
structure, composition, and maintenance of the urban forest, then, is influenced far more by 
individuals and private contractors than by public agencies. 
1.2 Problem Statement 
Urban forestry is a relatively new concept in forest management, however it became 
a necessity with the industrialization of the United States (Jorgenson 1970). There has long 
been a scientific basis for evaluating the sustainability of forest stand management, but until 
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recently, little work has been directed towards establishing an evaluation model of urban 
forest sustainability. The Clark et al. (1997) Model of Urban Forestry Sustainabilit>' (MUFS) 
is the first attempt at a comprehensive evaluation of an urban forest resource. This model, 
in effect, incorporates a more inclusive list of performance criteria to better reflect the 
sustainability of a vegetation resource in an urban setting. The purpose of this paper, then, 
is to explore this model application and to evaluate Missoula's urban forest resources and 
its programs for long-term sustainability. 
The Intermountain West, as a region, hosts one of the lowest human population 
densities in the United States. Few communities in this region have populations over 30,000 
(USDA Forest Service 1990). A geographical breakdown of the Intermountain West is 
shown in Figure 1, in which Area 2 represents the intermountain region where Missoula is 
located. The practice of urban forestry and the existence of urban forests as a resource in the 
Intermountain West is much less frequent then in other parts of the country. Urban forests 
inhabiting intermountain communities are also very young when compared to other urban 
tree populations across the country. Since communities are rarely over 100 years old. their 
urban forests similarly follow suit. Trees within this region also survive with different 
biological considerations, social trends, and management dollars. The MUFS can provide 
insight into the level of urban forest sustainability that Missoula, Montana has to offer. 
MUFS can also provide critical information that will help direct the long-term management 
of Missoula's urban forest and its program. The results may also provide insight and 
direction for urban forest resource programs in other Intermountain West communities. 
6 
MISSpULA. 
Figure 1: The Interior Western United States. (1) Steppes, Deserts, Prairies, and 
(2) Intemountain region (USDA Forest Service 1990). 
1.3 Study Objective 
This professional paper will apply an existing urban forest sustainability model to 
Missoula, Montana. The results will be used to provide long-term direction to the 
management of Missoula's urban forest resource and ensure its sustainabilit\- for future 
generations. The paper will also utilize MUFS results from two similar communities. This 
will be used to critique the model for use in regional interpretation of other urban forest 
resources in the Intermountain West. 
CHAPTER 2, MODEL REVIEW 
2. Introduction 
The creation, development, and management of urban forests is a sustaining goal in 
itself However, to achieve a truly sustainable urban forest resource, it takes critical 
planning, cleai'-cut objectives, and long term commitment by the community and its resource 
managers. 
Until recently the notion of urban forest sustainability has been poorly defined in both 
its scope and application. The question of whether true sustainability can be defined or how 
to begin defining it has yet to be determined (Gatto 1995, Kaufmann and Cleveland 1995). 
True urban forest sustainability would provide continuity over time in a way that provides 
a maximum benefit with a minimal cost of maintaining and operating that resource. 
Since there is no defined end point for sustainability, it must be assessed by looking 
backwards in a manner that allows comparison of similar elements. In regard to urban 
forests, this might be accomplished by measuring the number of trees removed compared to 
the number planted. A sustainable system would account for an equal or greater number of 
new trees incorporated into a forest rather than being removed. By achieving these actions 
we assess progress towards a system that "survives or persists." These ideas can be 
predictions about the future or about systems (Costanza and Patten 1995). 
MUFS measures the sustainability of an urban forest resource by integrating social 
and economic factors as well as natural science. Goodland (1995), states that "...general 
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sustainability will come to be based on all three aspects'" (social, economic and 
environmental). Maser (1994) describes sustainability as the "overlap between what is 
ecologically possible and what is societally desired by the current generation," recognizing 
that both will change over time. 
The approach of the MUFS incorporates existing sustainability definitions into its 
analysis and integrates the urban forest resource with the people who benefit. In doing so 
model acknowledges the complexity of both the resource and management programs that ai'e 
influenced (Clark et al. 1997). 
In initiating the MUFS application to Missoula, Montana, it is equally important to 
review the history and makeup of the model, as it is to document why humans value trees as 
something more than just a merchantable timber resource. This is done in order to draw the 
link between Missoula's urban forest as a resource, and to each of the MUFS criterion. 
2.1 The Value of Trees 
Values of urban vegetation come in various forms. Urban residents place a higher 
intrinsic value on their vegetation, much more so than they may on individual plants in a 
rural setting. These values come in the form of social needs, economic values, physical and 
psychological values, wildlife, and recreational values, in which each, in their own distinct 
manner, provide endless resource value to urban residents (Schroeder and Lewis 1992). 
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2.1.1 Psychological and Aesthetic Values 
The benefits of trees are often described in physical and biological terms, e.g. air and 
water quality improvements, mitigation of urban heat islands, and noise abatement. 
However, there are many other important benefits. Studies show that the mere presence of 
trees and other vegetation can enhance moods and create feelings of peace and serenit}'. The 
psychological impact of trees on people's moods, emotions, and enjoyment of their 
surroundings may in fact be one of the greatest benefits that urban forests provide (Kaplan 
1984). 
One of the most widely recognized benefits of trees is their aesthetic value, but 
landscapes with trees are more than just pretty. They evoke a "relaxation response" in people 
that view and interact with them. In a survey of members and volunteers of the Morton 
Arboretum, 62 percent of the respondents mentioned beauty or aesthetics as a component of 
settings that characterized the arboretum for them (Schroeder 1987). The aesthetic value of 
trees has also been found to have restorative effects on direct and indirect users. The length 
of hospital stays has been found to be 10 percent shorter when patients windows overlooked 
trees rather than brick walls. These stays have also included a lesser intake of narcotic, pain-
killing drugs during rehabilitation (Ulrich 1984). 
While it is evident that people's exposure to urban forests are generally positive, for 
instance as in the reduction of stress, urban forests also have a negative effect on humans. 
Trees produce pollen, which contributes to allergic reactions and respiratory illnesses. Dense 
vegetation and understories have also adversely affected people's feeling of safety. It has 
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been found that urban forest landscape characteristics are correlated with a person's 
perception of safety. Some people may experience anxiety and stress from walking in and 
around trees with dense understory vegetation because such settings may conceal and/or 
promote socially unacceptable activity (Schroeder and Anderson 1984). 
2.1.2 Cultural and Historical Value 
Historically, trees and a diversity of companion plant materials have formed the 
foundation upon which land has been transformed into urban parks and recreational open 
space (Sniderman 1991). A given set of cultural values may persist for a period of time, but 
change is the rule rather than the exception. Cultural values direct our interaction with one 
another, other cultures, and our physical environment. These tree-influenced values provide 
and direct us in ways that are more socially acceptable (Miller 1988). 
Numerous studies have been conducted that explored the strong attraction that people 
hold toward trees. People have created and exhibited very profound emotional ties between 
themselves and the forest (Schroeder 1987; Chenoweth and Gobster 1990; Gobster and 
Chenoweth 1989). Appleyard (1980) observed several parallels between our images of 
people and trees. He found that tree health is described with words such as "vigorous" or 
"sick", and that the biological components of trees are often referred to as limbs similar to 
humans or "the way the roots reach out like fingers.. .". Perhaps our love of trees and their 
similarities to people are responsible for our efforts in the area of urban forests. We plant 
trees as living memorials, to represent and remind us of loved ones that we have lost. 
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Society has also utilized trees to commemorate historic events that are significant parts of 
our everyday lives (Dwyer et al. 1994). 
Trees also are used by many cultures to symbolize health, wisdom, and enlightenment 
(Schroeder 1988). Examples include two trees from the Garden of Eden; the Tree of Life 
and the Tree of Knowledge, as well as the Hindu awakening of the divine enlightenment 
while sitting under the "wisdom tree" (Dwyer et al. 1994). 
People's responses to trees and forests are so strong and consistent that some 
researchers have even suggested that human beings have evolved instinctive preferences for 
certain types of forested environments. Kaplan (1984) found that the majority of people tend 
to prefer landscapes made up of groves of widely scattered trees, open at eye level, with large 
cathedral like overhead canopies and even textured ground cover. It has been said that this 
environment may be attractive because it resembles the native African savannahs where 
human species evolved (Balling and Falk 1982). 
2.1.3 Social Value 
Urban area trees contribute to economic vitality as well as lend a sense of identity to 
neighborhoods and entire communities. Many cities and towns are named after trees such 
as Oakland, California and Elmhurst, Illinois. Local subdivisions and parks in Missoula, 
Montana have been host to tree related names like Shady Grove, River Pines and 
Willowwood. Trees dominate local environments and contribute much to its social character 
and culture. A stronger sense of community, and an empowered citizenry are common 
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outcomes of forested communities. Tree planting programs can also increase a community's 
sense of identity and pride. Residents learn that they can control the condition of their local 
environment. 
The architectural and aesthetic use of urban vegetation in the urban environment 
considers plants as elements that form walls, ceilings, and floors (Miller 1988). These 
formal spaces are designed with the intent of defining spaces for specific uses. The fact that 
urban residents seek outdoor recreational experiences beyond city limits is well documented. 
However, many urban residents still make frequent use of forests beyond the city compared 
to the amount of time spent in urban woodlands. Additional research has shown that urban 
forests still provide many urban residents with most of their forest-related experiences. This 
is especially true for the elderly, disabled, the very young, and the poor (Dwyer 1982). 
2.1 -4 Physical and Ecological Values 
The urban forest can be viewed as "living technology," a key component of the urban 
infrastructure that helps maintain a healthy environment for humans. Trees flinction as living 
air scrubbers, air conditioners, water purifiers, noise buffers, visual screens and wind 
shelters. These are some of the long-term effects that are a direct result of the simple act of 
planting a tree. From an ecological standpoint, the most important function of a tree is the 
intake of carbon dioxide and the production of oxygen. The process of photosynthesis also 
has a cooling effect on the air around a tree. Studies have projected that 100 million mature 
trees in U.S. Cities (or one and one-half trees for every single family home) could reduce 
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energy use by 30 billion kilowatt hours, saving about $2 billion in annual energy costs. This 
savings is considerably more than the annual gross receipts from all sales of trees from our 
national forests. It also does not include the added savings from reduced investment in 
power supplies (Akbari et al. 1988). In addition, this cost savings does not take into 
consideration the projected 9 million ton reduction of carbon dioxide emissions from power 
plants (Willeke 1991). 
Trees have been found to be effective for conserving energy used for heating and 
cooling our homes. Windbreaks can reduce residential heating costs by as much as 10-15%, 
while shade and evapotranspirational cooling from trees can reduce cooling costs by 20-50% 
(Heisler 1986). In one study, the maximum potential annual savings from energy-conserving 
landscapes around a typical residence ranged from 13 percent in Madison, Wisconsin to 38 
percent in Miami, Florida (McPherson 1987). 
Air quality may be the next important physical benefit from our urban forest. 
Americans spend billions of dollars annually to control gaseous and particulate pollutants. 
These can come in the form of vehicle inspection programs, oxygenated fuels, ride-share 
programs, and increased street maintenance projects such as street paving, building curbs 
and gutters, and eventual street sweeping. Since trees are natural mechanisms for filtering 
the air, there is a great potential for substantial cost savings. The average street tree in 
America is capable of filtering out over 26 lbs of pollutants from the air each year (Tree City 
USA Bulletin #21). It is estimated that planting one-half million trees in a medium-sized 
American community will reduce airborne particulate by 6,500 tons per year. The average 
implied value of pollution control for this example exceeded $1.5 million per year. On a 
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national scale, this could mean a savings, of several billion dollars (McPherson 1991). 
Furthermore, there are other pollution abatement values from trees that are not yet fully 
researched. These may include the filtering of harmful atmospheric gases such as ozone, 
carbon monoxide, and sulphur dioxide (McPherson 1991). 
Urban forests play a significant role in urban hydrologic processes by reducing flood 
damage, storm water treatment costs, water quality problems and the rate and volumes of 
water runoff (Willeke 1991). Recently it has been shown that runoff from an intensive stomi 
was reduced by over seven percent due to tree canopies, and even a modest increase in 
canopy cover could reduce runoff by almost 12 percent (Sanders 1984). Other tree functions 
like water retention and detention structures, can be critical in controlling high water flows 
in many communities (Willeke 1991). 
Cleansing of urban wastewater has become a necessity in our society. State and 
Federal regulations now require communities to find more productive ways of releasing their 
wastewater, rather than discharging it into local waterways. 
In 1962, State College, Pennsylvania faced two problems. Their community water 
supply was inadequate to meet local demands, and their sewage treatment facility was 
polluting a local river. Rather than increase the acreage of their watershed lands and the 
capacity of their treatment plant, they decided to irrigate their existing watershed lands with 
their secondary effluent. After 16 years of monitoring these treatments it was determined the 
application of partially treated 
sewage to the watershed did not contaminate groundwater and did return 90 percent of the 
water to the aquifer (Sopper and Kerr 1978). 
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Soil erosion can be a frequent problem in urban areas. New construction, overuse, 
and neglect can be a serious threat to soil retention. Trees can be used as soil stabilizers as 
well as traffic controllers. Pedestrian traffic can be controlled quite effectively with the use 
of vegetative barriers or as devices to guide people in a controlled direction (Robinette 1972). 
It is the urban forest manager's job to select the most appropriate vegetative or non-
vegetative cover for surfaces to match their intended use. 
The abatement of noise pollution is a benefit that is not often recognized. In many 
large metropolitan cities around the United States, human-made structures are utilized to 
block noise. These structures come in the form of preformed concrete slabs molded to 
resemble natural rock, or wooden crate-like walls, often staggered in height to match 
topography. Willeke (1991) states the Great Walls of Minneapolis prompted the late Lord 
C.P. Snow on his last visit to the Twin Cities to ask, "I say, do you people live in crates?" 
The cost of these structures is immense and will only continue to rise. In many instances it 
would have been easier, more cost effective, and aesthetically pleasing to leave the wooden 
planks in their raw form as trees. It would have been cheaper and more attractive. Wide 
belts of tall, dense trees combined with soft ground surfaces can reduce apparent loudness 
by as much as 50 percent (Cook 1978). It is not hard to understand how the noise of a 21 st 
century, 24-hour-a-day city can cause stress. Planting trees is a natural strategy to combat 
this problem. 
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2.1.5 Recreational and Wildlife Value 
There is a host of other benefits for which there is currently little value-based 
research. These benefits include providing critical habitat for urban wildlife, the building, 
conserving and sustaining of soil, and enhancing biodiversity. Research has shown that most 
city dwellers enjoy and appreciate wildlife in their daily activities (Shaw et al. 1985). To 
enhance this resource many communities have gone to great expense to preserve natural 
areas in order to provide critical wildlife habitat. Missoula, Montana has spent millions of 
dollars in order to purchase open space within and around the community. Urban forests are 
a critical element in Missoula's open spaces. These forests provide an integral benefit to 
many recreational users. The primary purpose of purchasing this land was to not only 
provide the citizens of Missoula Valley with recreational open space, but to also impede 
development and retain critical elk winter range, a rapidly declining commodity in western 
Montana (Open Space Advisory Committee 1998). 
2.1.6 Economic Value 
Urban forests can produce substantial savings in heating and cooling costs, provide 
wildlife habitat, conserve soil, and provide social and cultural well-being. Urban forests 
provide economic benefits that total billions of dollars, and there are prospects for at least 
doubling this with improved management (Dwyer 1992). I will take a closer look at how 
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these values can be assigned to an urban forest as a resource, and how the value can be used 
to dictate the fiscal importance a community puts on its forest resource. 
Economic values of urban vegetation can be determined by a number of approaches. 
A benefit-cost analysis can be used to direct funds to expected services. Trees can be 
appraised individually, or collectively in woodlands and forests. Their ultimate value can 
be based on their residue or their wood value (Miller 1988). Urban forest benefits include 
the additional value of goods and services provided and/or gained, whereas costs are the 
value of goods and services that could have been produced had the resources been reallocated 
elsewhere. The difference between benefits and costs, or the net benefits can be a measure 
of the gain in social welfare (Dwyer 1992). 
The services provided by urban forests are seldom sold outright, however there are 
a variety of other market transactions that can be used to quantify the benefits of trees. The 
sale of real estate reflects the benefits buyer's attach to the attributes of that property, 
including services that can be expected from the forest resource on that property, along the 
street, and in adjacent parks and green-spaces. Increases in property values are a reflection 
of the value of services that urban homeowners receive from urban forests. Studies of the 
contribution of residential trees to the estimated or actual value of residential real estate have 
indicated significant economic benefits (Payne 1973; Payne and Strom 1975; Morales et al. 
1976, 1983; Anderson and Cordell 1985, 1988). Builders also reported that homes on 
wooded lots sell for an average (estimated) seven percent more than the equivalent houses 
on unwooded lots (Selia and Anderson 1982, 1984). It is reasonable to conclude that 
property values are especially higher in a well-forested community with impressive tree 
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cover over its public streets and residential lots. This provides strong incentive for 
municipalities to invest in the public and private tree cover across the whole community in 
order to further enhance the tax base. 
Urban forestry can also be viewed as an investment that can achieve great returns in 
annual property taxes. A conservative estimate of an increase in property values by five 
percent due to trees and forests on residential properties represents $25 per year on a 
conservative property bill of $500. This same equation quickly adds up to $1.5 billion per 
year over the 62 million single-family detached housing units in the USA (Dwyer 1992). 
There have even been studies done on the willingness of users to pay for the use of 
areas where trees are a major attraction. Analysis shows that users are willing, on the 
average, to pay $1.60 more per visit to have a site that was "mostly wooded, some grassy 
areas under trees" rather then "mowed grass, very few trees anj^here." If these numbers 
were calculated into the number of visits to urban forests, along with fuel savings from 
providing more hospitable recreational areas closer to urban communities, the comprehensive 
savings could provide a value of over $2 billion (Dwyer, et. al. 1989). 
Urban forest resources contribute to the economic vitality of a city, neighborhood, 
or subdivision. Trees dominate urban environments and contribute much to their character. 
Community action programs that start with trees and forests often spread to other aspects of 
the community, and result in substantial economic development (Dwyer 1992). It is my 
experience that Missoula programs, such as "Run for the Trees," a community fun run/walk, 
and "Christmas Ever Green", a Christmas tree recycling program, have provided local 
residents with a tremendous amount of opportunity to become more informed on the 
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importance of trees and how they can be incorporated into our daily lives in ways that were 
not thought possible. Missoula's Christmas tree recycling program alone has planted over 
200 large shade trees in school yards around Missoula Valley. Developed, well-managed 
urban forest resources are thus significant resources that contribute to the economic vitality 
of an entire area. 
2.2 Sustainability 
The development of a sustainability model focusing on urban forestry involved 
retrofitting an accepted base definition of sustainable forestry to an urbanized concept. The 
Brundtland Commission Report (WCED 1987) has traditionally served as the starting point 
for defining sustainable forests. The report states, "Sustainable forests means managmg our 
forests to meet the needs of the present without compromising the ability of future 
generations to meet their own needs by practicing a land stewardship ethic which integrates 
the growing, nurturing and harvesting of trees for useful products with the conservation of 
soil, air, and water quality, and wildlife and fish habitat." 
This definition has been expanded over time to reflect a more comprehensive 
management concept. Land management became an essential element to defining the 
sustainability of a system (Wiersum 1995). There was also a need to focus on the issue of 
scale. More specifically, the size of the area or space to be included was established as a 
necessary part of the Brundtland Commission definition (Webster 1993). 
Additional refinements to the definition of forestry sustainabiUty continue. For 
example, Salwasser (1993) provided the following definition, "Sustainability means the 
ability to produce and/or maintain a desired set of conditions or things for sometime into the 
future, not necessarily forever." It also included environmental, economic and community 
based components, acknowledging that sustainability is not simply a resource matter. 
Salwasser (1993) also emphasized that goals and objectives for forest management cannot 
exceed the biological capacity of the resource, now and into the future. The need for "shared 
vision" among diverse property owners became relevant in a 1993 conference on sustainable 
forestry (Sample 1993). In this workshop Sample (1993) described sustainable forestry as 
"Management and practices which are simultaneously environmentally sound, economically 
viable and socially responsible." 
These modifications brought heart to the definition of sustainability in the realm of 
urban forest management. In moving these concepts towards the application of urban forest 
management, Clark et al. (1997) found that several questions were brought to light. 
• What objects, conditions, and values are to be sustained? 
• What is the range of forest activities that contribute to sustainable 
development? 
• What is the geographic scale at which sustainable development can be most 
usefully applied? 
• What is the relationship (for urban forests) to new technology, effectively 
applied research and investment in forest management? 
Within urban areas, the benefits of trees are promoted at the broadest level. As 
defined earlier, this resource is managed to provide and sustain the highest quality resource. 
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including its conservation, economic development, psychological health, wildlife habitat, and 
social well-being (Clark et al. 1997). The range of forest activities that contribute to 
sustainable development is almost endless. Urban forests require a broad set of management 
activities, in relation to the management of both individual trees and entire stands of trees. 
Management includes educating and informing the community, developing short-, mid- and 
long-term planning, and ensuring that these goals are reasonable and attainable. 
When referencing geographic scale for sustainable development, it is important to 
note that political boundaries do not respect biology and visa versa. The fundamentals of 
ecosystem management are based on ecological boundaries as the defining element of scale. 
In urban forest management, political, economic, and social units more often than not form 
the basis for management. "We must respect the reality that political borders may be more 
significant to management than ecological boundaries" (Clark et al. 1997). It is essential 
then that urban forestry programs work within these socially-dictated parameters, rather than 
relying solely on the basis of ecological understanding. It is reasonable to assume that this 
model violates some biological realities of forest stands, but it logically reflects jurisdictional 
boundaries and/or social management units within cities. 
Clark et al. (1997) state that urban forests stand to benefit tremendously from new 
technology, information, and investment in forest management. Clark et al. (1997) go on to 
state that not only will the ability to grow and select trees in cities be enhanced, but the 
ability to quantify their benefits will also expand. This concept was further expanded by the 
evolution of forest sustainability towards multiple use, biological diversity, mitigating 
climate change, and socioeconomic dimensions (Wiersum 1995). 
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The MUFS is the first attempt to create a sustainability model that evaluates an urban 
forest resource and considers more than just the physical resource. The model's approach 
is directly applicable to cities, because it is these urban forest resources that contribute to 
environmental, economic, and social well-being. Trees collectively scrub the air of 
atmospheric contaminants, while at the same time enhancing the social well-being of the 
community. The model will include and evaluate performance criteria such as citizen 
involvement, public cooperation, partnerships, citizen-government interaction, program 
funding, staffing and program technology levels that will eventually define the level of 
sustainability. 
A wide range of definitions has been derived from the Brundtland Commission 
Report (WCED 1987) definition in order to arrive at the concept of urban forest resource 
sustainability. No universally accepted derivation has arisen from the forestry discipline that 
would cause doubt on the model. 
2.3 Model on Urban Forest Sustainability Development 
Once the general principles of sustainable systems and their interrelationships with 
urban forests are understood, Clark et al. (1997) identify four principles to which their model 
should adhere. The first principle states, "sustainability is a broad, general goal." The 
desired functions of a sustainable urban forest can be described, but it is unknown whether 
a program can be designed to optimize these fiinctions. We know that trees can control soil 
erosion, yet we do not know the optimal design to minimize soil loss. It is also recognized 
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that while trees provide a tremendous benefit to our communities, there is also an associated 
cost of establishing and growing them over time. A sustainable urban forest provides 
continuity of these net benefits over time. Therefore, the general character of sustainable 
systems is recognized and appropriate steps must be developed in order for such systems to 
exist in urban areas. 
The second principle Clark et al. (1997) mention is "urban forests primarily provide 
services rather than goods." Previous descriptions of sustainable systems usually focus on 
goods that the systems provide. These may come in the form of fuels or fiber. On one hand 
goods can be a good indicator of sustainable yields, however, goods comprise a rather limited 
output of urban forests. The most important outputs are services, such as air purification, 
controlling storm water runoff, reducing energy consumption by cooling communities, 
providing social and psychological well-being, and providing wildlife habitat. In establishing 
and managing sustainable urban forests, one must strive for a balance between all of these 
benefits, making sure not to maximize one at the expense of another. Retaining an expanse 
of trees for the visual buffering of a main traffic thoroughfare, while at the same time cutting 
down additional trees and wildlife habitat behind a development for additional housing is a 
good example of this imbalance. There is no net gain of benefits because saving the trees 
as a buffer was done at the cost of losing trees behind the development. 
The third principle that Clark et al. (1997) have formulated states, "sustainable urban 
forests require human intervention." A characteristic of most natural forest systems is they 
have a wonderful capacity for self-maintenance. However these human-impacted, natural 
systems sometimes require human intervention in the form of timber harvest or fish catches. 
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The process of cyclic harvest is based on the premise that over a period of time a system 
rejuvenates itself. As Maser (1994) states "in forestry, there can be no sustainable yield, 
sustainable industry, sustainable community or sustainable society without a biologically 
sustainable resource." 
Urban forests are not created entirely of or by artificial planting. Rather, they are a 
mosaic of natural remnant forests intermixed with artificially planted trees. Natural forests 
have the capacity for self-renewal, but planted trees have a limited ability to regenerate 
themselves. Therefore the model must accept, acknowledge, and act on the premise that 
urban forests have a limited ability to replace biological capital. This is particularly true 
when it is our desire as managers that regeneration occur in a manner appropriate for human 
benefits. Once again, sustainable urban forests cannot be separated from the activities of 
humans. The creation and maintenance of urban infrastructure can be very destructive to 
normal growth patterns of urban forests. Our cities are for the most part superimposed on 
top of forests, whether they be riparian systems adjacent to western riverflows, or on top of 
the great forest expanses found in the eastern United States. The model does not exhibit the 
adverse impacts that humans have on these forests, but how positive interactions such as 
planning, proper tree planting, and management, all with a common commitment, can meld 
the two as much as possible. 
As Clark et al. (1997) state, "the implications of this principle are far-reaching." 
Urban forests require active, consistent management. The accrual of net benefits can occur 
if and only if adequate and reasonable care is provided. Urban tree managers must involve 
the surrounding community in decisions regarding their urban forest management. The 
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MUFS model does not suggest "abdicating responsibility" from local tree managers, rather 
the model advocates sharing direction with the community receiving benefits. 
The fourth and last principle that Clark et al. (1997) advocate as necessarj' to a 
sustainable system is "trees growing on private lands compose the majority of urban forests." 
Even though trees along streets and within parks have been the primary push when it comes 
to urban forest management, they comprise only a modest portion of the urban forest. It is 
estimated that 60-90% of the trees in urban forests in the United States are found on privately 
owned land (Clark et al. 1997). It is safe to assume that sustainable urban forests rely to a 
large degree on providing sustainable private forests. It must also be noted that there is a 
significant difference in the number of trees for which private landholders are responsible. 
Residential areas, business parks, universities, and utilities all must be made participants in 
an effort to provide a sustainable urban forest. 
Taking these four principles into consideration, Clark et al. (1997) have defined 
sustainable urban forests as; 
"The naturally occurring and planted trees in cities which are managed to 
provide the inhabitants with a continuing level of economic, social, 
environmental and ecological bene fits today and into the future. " 
In applying this definition, Clark et al. (1997) require that 3 ideas be accepted: 
1. Communities must acknowledge urban that trees provide a wide range of net benefits. 
2. Given the goal of maintaining net benefits over time, the regeneration of urban 
forests requires intervention and management by humans. 
3. Sustainable urban forests exist within defined geographic and political boundaries, 
those of cities. 
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Given the definition and the 3 premises listed above, Clark et al. (1997) developed 
a model of urban forest sustainability which is founded on three components; 1) vegetation 
resource, 2) strong community framework, and 3) appropriate management of the resource. 
Each of these components involves a series of specified criterion for which a resource 
program can be evaluated. 
This chapter has explored various urban forest values and benefits to establish 
fundamental building blocks that will support defining the sustainability of Missoula's urban 
forest resource and its support network. It has provided substantial information on the 
benefits of an urban forest, both for its aesthetic and functional value in our physical 
environment, as well as the psychological element that forces society to grasp trees with the 
inspiration that they do. The chapter also evaluated the social and cultural interactions and 
tendencies that have been derived from urban forests, and the recreational, wildlife, and 
economic values that benefit communities. These are critical elements that define the 
success and failure, and ultimately the level of sustainability of an urban forest resource. 
CHAPTER 3. APPLICATION OF THE SUSTAINABILITY MODEL TO MISSOULA, 
MONTANA 
3. Introduction 
The MUFS was developed to evaluate the level of sustainability that a specific urban 
forest resource and its corresponding support network exhibit. The model is based on a 
series of performance criteria that specify particular elements important in defining urban 
forest sustainability. These performance criteria are based around three broad areas 
comprised of vegetation resource, community framework, and resource management. This 
chapter documents the application of these performance criteria in an effort to determine the 
sustainability of Missoula, Montana's urban forest resource and its management program. 
The following model application will include substantive material to support and reference 
any and all associated answers. 
As mentioned previously, a sustainable urban forest is one that provides continuously 
high levels of net benefits that may include energy conservation, reduction of atmospheric 
contaminants, enhanced property values, controls of storm water run-off, wildlife habitat, and 
of course social well-being. 
While these are simply recognized as benefits, there are associated costs with their 
accrual. This benefit-cost ratio is what may determine the sustainability of a given urban 
forest resource. For example, there is always an inherent danger of trees failing. Dead, 
dying, and defective trees pose a constant threat to safe public passage and surrounding 
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properties. Some species also pose a higher health risk because of characteristics such as 
pollen production. Other species are out-competing natural systems and limiting the natural 
ecologic function for these areas. 
3.1 Evaluating the Vegetation Resource for Missoula, Montana 
The vegetation resource is the physical basis of an urban forest. Its species makeup, 
distribution, health, age, and structure define the benefits provided from the urban forest, and 
the associated costs. Because trees are dynamic organisms, urban forests and their associated 
parts change over time as they grow, mature, and die. For urban forest resources to be 
considered sustainable, they must possess a diversity in components, such as species, age-
structure, geographic distribution, and physical condition. This allows for continuous 
benefits while maintenance strategies, such as hazard tree removal and tree replacement are 
integrated with the resource. 
The City of Missoula, Montana covers an area of approximately 30 square miles. The 
city is widespread with city-county boundaries following a very fragmented perimeter. The 
age structure of the urban forest is also somewhat staggered. There is an over-mature inner 
core of trees surrounding the oldest part of the city which provides the highest density of 
trees, and therefore, the most complete canopy cover. The further from the city center, the 
younger the tree population and the less dense the canopy cover. The canopy cover criterion 
for Missoula provides a performance indicator of "moderate" because the closest 
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estimate available is that of photographic imaging. Table 2 reflects the criteria and 
performance indicators for the vegetation resource in Missoula, Montana. 
The age distribution of trees in the community is provided by a comprehensive street-
tree inventory that was initiated in 1993. The City of Missoula has inventoried trees on 
approximately 75% of the public right-of-way, totaling approximately 11,000 trees 
(CANOPY 1998). The inventory is the largest sample cataloguing the age structure of the 
trees in Missoula. It does not incorporate private trees into the value, but it does give a broad 
sample of the tree population within the city. 
The performance indicator for this criterion measured "moderate" because the best 
measurement we have is taken on public right-of-way vegetation, which consists primarily 
of exotic shade tree species. Age structure can usually be modeled by analyzing the diameter 
distribution of the inventory. During the life of an urban tree, the amount of water it receives 
during any given year dictates how it has grown. However, it should be noted that the 
diameter is not a distinct measurement used for age structure, since water is such a limiting 
factor to tree growth. For example, a street tree, adjacent to a house, receives approximately 
13 inches of precipitation per year and has had a history of compacted soil. It may have only 
grown 16 inches diameter at breast height (DBH) in a forty-year period. A similar tree was 
planted next door on the same day, but it receives 35 inches of natural and artificial 
precipitation per year. The homeowner also mulched the root zone of this tree twenty years 
ago. The result is that this tree is now 24 inches DBH. Even though the trees were planted 
on the same day they appear to be of two distinctly different age classes. 
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TABLE 2 
Criteria Performance Indicators Key 
Objective 
Low Moderate Good Optimal 
Canopy cover No assessment Visual assessment 
(i.e. photographic) 
Sampling of tree 

























Provide for uneven age 
distribution. 









Provide for species diversity 
Native 
vegetation 
No program of 
integration 
Voluntary use on 
public projects 
Requirements for 
use of native 






Preserve and manage 
regional biodiversity. 
Maintain the biological 
integrity of native remnant 
forests. Maintain wildlife 
corridors to and from the 
city. 
Criterion and performance Indicators for the vegetation resource in Missoula, Montana. Shaded areas indicate 
Missoula's resource assessment (Clark et al. 1997). 
Species mix can also be identified with the use of a street tree inventory. Missoula's 
inventory in 1993 identified 105 species and cultivars in the public rights-of-way (CANOPY 
1998). Many more species exist on non-inventoried lands. The performance indicator gives 
a measurement of "moderate" for this criterion. The City has not conducted a city-wide 
public and private assessment of its species mix. 
Missoula's urban forest scores an indicator of "good" for the native vegetation 
criterion. This is a result of Missoula's landscaping guidelines which include specifications 
to protect naturally occurring areas for ecological, physical, and biological purposes, as well 
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as requirements for development of landscaping plans to be approved by the City Forester. 
In this capacity, the City has the right to mandate that native vegetation be planted to protect 
adjoining areas from problems such as exotic plant infestations. 
3.2 Evaluating the Supporting Community Framework for the Urban Forest Resource in 
Missoula,. Montana 
Clark et al. (1997) state, "a sustainable urban forest is one in which all parts of the 
communit}' share a vision for their urban forest and act to realize that vision through specific 
goals and objectives." "All parts of the community" refers to neighborhoods, public and 
private lands, civic groups, and numerous partnerships and cooperators that are the basic 
fabric holding a community together. This requires that everyone have a consistent, shared 
vision of their trees and a willingness to maximize the benefits they provide. It also means 
that each cooperator must recognize that their trees are part of a larger picture, and that the 
associated financial burden must not fall on any single cooperator. Table 3 reflects the 
criteria and performance indicators used for evaluating Community Framework. 
The City of Missoula, as indicated by the MUFS performance indicators, scores a 
rating of "good" for public agency cooperation. Tree management is a task and 
responsibility shared by many departments within the City's organizational structure. The 
Parks and Recreation Department is first and foremost responsible for managing the City-
owned vegetation, but other departments, e.g. Public Works Department, also maintain the 
street rights-of-way in which trees are a component. New construction and reconstruction 
TABLE 3 
Criteria Performance Indicators Key Objective 
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Provide for cooperation and 
interaction among 
neighboring communities 
and regional groups. 
Criterion and performance Indicators for the community framework in Missoula, Montana. Shaded areas 
indicate Missoula's resource assessment (Clark et al. 1997). 
of rights-of-way almost always involve dealing with vegetation in one form or another. It 
includes maintaining visibility around safety devices such as school crossings, stop signs. 
and other traffic control devices. The Public Works Department is a prime example of a 
supporting department within the agency. 
Trees are a major issue in local planning efforts. The Missoula City/County Office 
of Planning and Grants works with contractors and developers to create responsible and 
manageable development within a 4.5 mile radius of the City of Missoula limits (MMC 
1998). Vegetation becomes an element of this planning process whenever a landscaping plan 
must be approved, or when development must be retrofitted to a vegetated site. 
There are other municipal departments that deal with vegetation in various ways that 
require cooperation. The Missoula City Fire Department must provide fire protection to 
residents of the city, whether it is their personal homes or fire sensitive lands around them. 
Numerous new developments around the Missoula Valley are now imposing on sensitive 
ecosystems that have traditionally been able to function in their natural state. The City of 
Missoula manages almost 2,500 acres of these natural conservation lands that have a long 
fire history (Open Space Advisory Committee 1998). These lands act as recreational and 
wildlife areas and as a natural buffer between developments. Fuel build-up and fire 
suppression have caused concern for both personal safety and the protection of these lands 
and structures. This will be an ongoing struggle in managing the urban forest resource that 
exists within the urban-wildland interface. 
The City of Missoula Police Department also must contend with urban forest 
vegetation. The police force has the responsibility to provide safe areas where undesirable 
conditions cannot flourish. Tall undergrowth and thick vegetation are attractive areas for 
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socially deviant people and their behavior. These areas must be monitored and maintained 
in order to foster a higher social well-being for a community. 
These conditions facilitate a large amount of intra-agency cooperation. Many of the 
aforementioned activities reflect the high level of cooperation required to accomplish and 
maintain a sustainable urban forestry program. 
Missoula receives a rating of "moderate" for private and institutional landholders 
criterion. Missoula is a central hub for trade and commerce in western Montana (Missoulian 
1997). The University of Montana - Missoula campus and the College of Technology of The 
University of Montana - Missoula are located in Missoula Valley. It is largely a timber-based 
economy, with a more recent outlook towards tourism and human services. It is home to 
many small businesses and manufacturing firms that produce products for the region. 
Washington Corporation, Plum Creek Timber Company, and the University of Montana are 
some of the larger landholders within the community. Missoula Valley is also surrounded 
by large tracts of Federal and State-owned forest lands. On an organizational level, these 
companies and government agencies provide and exchange information with the City of 
Missoula. The City holds representation on various management committees and task forces 
throughout the community. Thus far these informal agreements have not accomplished many 
cooperative planning ventures. A notable exception is the cooperative land purchase for elk 
winter range, and selective land management strategies on adjacent conservation lands. 
Green Industry (nurseries, landscapers, arborists, turf and ornamental plant 
professionals, etc) cooperation is informal at best in Missoula. There is a large number of 
cooperative ventures in dealing with public programming projects such as tree giveaways and 
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integrated plant management initiatives. Missoula has established a program with the local 
utility, Montana Power Company, for tree replacements, etc., but it only services the City of 
Missoula's right-of -way management program. It does not impact private property trees. 
The performance indicator for the Green Industry criterion gives Missoula a measurement 
of "moderate." 
Neighborhood action and involvement is begirming to formalize in Missoula. Some 
well established neighborhoods have traditionally been very active, such as the University 
Homeowners Association, but for the most part neighborhoods have only mobilized efforts 
if an urgent need presented itself More recently the City of Missoula has fimded an initiative 
to consolidate efforts across the city in creating what is called a "Neighborhood Network 
System," in which representation is included in all of the City's planning efforts in an attempt 
to foster more citizen participation (City of Missoula - Strategic Direction 1998). The 
program was recently put under contract and initiated the fall of 1997. It is funded for 18 
months, therefore comprehensive results will not be available until 1999. The performance 
indicator for this criterion measures Missoula at "good", since there is city-wide coverage 
but not necessarily comprehensive cooperation. 
Citizen - government - business interaction has been very successful in Missoula. 
Although there are some conflicting goals between various constituencies on different issues, 
such as tree replacement and hazard removals, there has been good cooperation on various 
tree-related boards and groups to develop resource management objectives. In 1993, a task 
force was setup to develop an interim management plan to evaluate and establish short-term 
and mid-term direction for the public tree resource in Missoula. This task force has now 
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evolved to become a formally sanctioned tree board for the City of Missoula, and deals with 
many policy, operational, and appellate procedures within the program. The City's forestr>' 
program includes partnerships with many businesses and volunteer groups from around the 
community. These partnerships provide the basis for many of Missoula's public awareness 
programs such as "Christmas Ever Green," a tree recycling program, and "Run for the 
Trees," an event which kicks off "Arbor Month" in Missoula (Deneke 1991). The 
performance criterion for citizen - government - business interaction measures "optimal." 
General awareness of trees within a community can be a difficult element to measure. 
Most people recognize trees are a "good thing," and will not debate the point, but without 
doing an assessment of community opinion to support that statement it is difficult to grade 
it. In order to rate Missoula's level of tree awareness, I must use my own judgment which 
is based on managing Missoula's urban forest resource for seven years, and a daily 
interaction with the general public. I think Missoulians understand that their trees are 
valuable, and that trees contribute to their social well-being and economic vitality. I also 
believe they can identify the most obvious physical benefit of trees, which is shading their 
homes. Unforttmately, knowledge of caring for trees is still lacking. Many homeowners will 
not provide the basic element of water to their trees because they do not feel it is warranted. 
Nor do homeowners provide a reasonable level of care for their trees, which has a direct 
effect on the level of benefits trees can provide. The performance indicator that best suits 
this criterion falls between "moderate" and "good." I base this rating on the fact that the 
majority of the community does not acknowledge that trees provide much more than shade 
to the community's surrounding ecosystem. 
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Regional cooperation is the last criterion for evaluating the existing community 
framework. Missoula typically sets the pace for environmentally-related issues on a regional 
level. While Missoula was not the first city in the region to initiate urban forestry efforts, it 
does employ one of two City Foresters in the State, for the direct care of public trees. 
Montana, a state with a human population of approximately 850,000 and an area of 
145,388 square miles, has a very low human/land area ratio. Most of the population resides 
in a rural setting, or in a few cities over 20,000. These larger cities are where the largest 
urban forest resources exist, as well as the locally-mandated funding to manage them. The 
sheer size of Montana reflects just how geographically dispersed these cities can be. As a 
result, it is very challenging to initiate cooperation between these communities. 
One effort that has proven to be successful is the State of Montana, Community 
Forestry Council (MCFC). This council is made up of representatives from many 
communities around the state. The Council discusses regional and state level planning and 
lends strategic direction to the state community forestry program. Missoula has had 
representation on this council since its inception in 1992. Many strategic developments have 
taken place as a result of this group, such as regional arborist training opportunities, hazard 
tree workshops, and other informal plarming opportunities. There have also been statewide 
cooperation efforts to provide alternative funding for urban forestry programming, as well 
as enforcement policy with communities. 
Missoula has not combined management planning efforts in respect to urban forestry 
issues since the nearest comparable city, demographically and urban forest resource related, 
is 115 miles to the south and as far north. However, in other capacities the City organization 
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has coordinated with and even become an essential player in management efforts around the 
region. For example, Missoula's water-related problems stem from watershed issues that are 
important to communities up-river and down-river from Missoula. Missoula has been a key 
player in planning arenas dealing with this issue and has made its presence known for future 
direction. I would consider this formal interaction to be of highest importance in maintaining 
communication between agencies. The performance indicator for this criterion is a 
measurement of "good." Even though there is no clear-cut forestry plan overlap, there is 
strong evidence that communities will continue to support each other and try to coordinate 
the best that is possible. 
3.3 Evaluating the Resource Management Program in Missoula, Montana. 
Resource management is not only the management of the physical resource, but the 
philosophy of how the resource is being managed. Policies to protect and preserve trees— 
as well as standards of care in the operation of protecting and sustaining these trees— are not 
enough. Cities must develop a philosophy of management in order to maintain their 
resources constantly. Clark et al. (1997) imply that recognizing this difference will lead each 
community to its approach in managing the resource. Maintaining a natural area system may 
appear completely absurd for one community, whereas it is a critical component for retention 
of an urban forest in another. Cooperation within managing agencies, as well as "buy-in" 
by the local constituency, is critical to ensure success. Table 4 reflects the criteria and 
performance indicators for resource management. 
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As mentioned previously, the City of Missoula formed a task force to develop short-
term and mid-term direction for Missoula's urban forestry program by creating a city-wide 
management plan. That plan emphasized some distinct short-term objectives, such as 
developing hazard reduction and tree replacement programs and providing alternative 
funding strategies. This plan was accepted in principle but never was implemented for 
funding reasons. Since that time, program expansion has primarily been funded by 
Missoula's general fund. Currently, the City of Missoula is able to replace every street tree 
that is removed, if appropriate, and also does some limited expansion plantings. The 
performance indicator for this criterion is "good." 
City-wide funding has long been an issue for the Missoula urban forestry program. 
The Parks Department traditionally has dealt with trees in a limited scope, but in 1991, the 
City funded its first full-time urban forester to develop and sustain a comprehensive urban 
forestry program. Funding has increased annually to reach the fiscal year 1998 level of 
$184,106. Current funding levels have allowed the accomplishment of all crisis management 
activities, as well as some proactive work, such as scheduled block pruning, and the training 
of small trees. This financial support has optimized the existing street tree population and 
increased net benefits by enhancing the overall health of the urban forest. The performance 
indicator for this criterion is "good." 
City staffing has followed suit with annual funding increases. Missoula Parks and 
Recreation Department currently has five International Society of Arboriculture, certified 
arborists on staff, four of which are directly employed in the forestry division. The urban 
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planting, hazard removals, cabling/bracing, fertilization, etc. The staff is trained 
comprehensively in all facets of Arboriculture, because the City of Missoula provides a 
comprehensive program for its resource. The performance indicator for this criterion is 
"optimal." 
As previously mentioned, the City of Missoula initiated a comprehensive public tree 
inventory program in 1993, covering 75% of the public rights-of way. This is the largest 
sample that has been done to date in cataloguing the age structure of the trees in Missoula. 
It does not incorporate private trees into the value but it does give a broad sample of the 
population within the city. A portion of the tree inventory located in the city center is 
incorporated into ARCVIEW'^'^ - geographic information system (GIS). The GIS includes 
building footprints, parcel ownership, utilities, and detailed infrastructure, such as 
curb/gutter/sidewalk designs. 
While this tree inventory is incomplete, it is very comprehensive in regard to tree 
locations, densities, age structure, species composition, and maintenance histories. The 
portion of the inventory that is integrated into Missoula's GIS program is used by other 
departments within the City organization for management efforts. The performance indicator 
for this criterion is "good." 
Tree protection was not a large issue in Missoula until its recent expansion in the last 
five to eight years. The Missoula Valley has historically been a "bunchgrass-prairie" 
ecosystem with few trees, except along riparian areas and in the surrounding foothills. 
Because of this, most development did not impact existing trees. Recently, the City limits 
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have expanded to include more natural forest lands, as well as established landscapes from 
earlier development. This has caused the need to evaluate sites for tree preservation. 
Developments built on natural forest lands are required to fit the landscape with as 
little vegetation reduction as possible. However, since these lands are traditionally fire 
prone, they must also be designed with thought towards human safety, which includes 
minimum road widths and turn-arounds to accommodate emergency vehicles, non-
combustible construction materials, and strategic development to defend against fires 
(including slope definitions, fire histories, etc). 
Newer development on the traditional prairie grasslands now includes fence row 
trees, orchards, and various other volunteer trees that 100 years of human activity have 
created, hi many cases the existing vegetation may be worth protecting, and should be part 
of the ensuing building permits and zoning provisions. These provisions must be satisfied 
before certain permits are authorized. Many site plans must be approved by the Missoula 
City Forester prior to work being authorized. This criterion receives a rating of "moderate", 
primarily because of the existing ordinance and the recognition that there is limited 
communication between departments. 
Species and site selection are a difficult task, since Missoula's low elevation location 
receives only about 13 -4 inches of precipitation annually. Missoula has the challenge of 
finding trees that can survive the tremendous variability in climate, whether it be from 
inconsistent watering regimes or weather patterns. It is not uncommon to have sub-zero 
temperatures in November and 60 ° F on a February day (NOAA 1990). Also, there are no 
broad-leaved, deciduous trees that occur naturally other than the black cottonwood (Populus 
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trichocarpa) that could function well in an urban streetscape. Another challenge that is faced 
in Montana is securing appropriate nursery stock that is acclimated to the area. There are 
very few wholesale nurseries in Montana that grow tree species appropriate to plant along 
streets. Most trees must be brokered in or grown locally, both of which can be costly 
ventures. All of these factors create a large challenge in securing adequate stock for 
reforesting Missoula. 
With regard to policy, Missoula has developed a desirable tree list for specifying tree 
species for planting on public lands. This list is not exhaustive or absolute, however it does 
provide direction for species selection and limitations. It allows the planting of various tree 
species that were not traditionally allowed, such as fruiting and nut-bearing trees. However, 
the policy denotes limitations as they impact the normal fimction of trees on the public right-
of-way. This includes limitations such as heavy fruit production, weak branch angles, etc 
(Rogers 1996). The city also has compiled certain specifications that will match sizes of 
trees with appropriate planting sites. All species are broken down into mature height, small 
(<= 20 feet), medium (< 40 feet), and large > 40 feet). Each of these categories requires 
certain dimensions for parkways to optimize the growth and life expectancy of planted trees. 
Until additional cultivars are developed, Missoula is providing the best possible solution for 
species selection and planting location. The performance indicator is "optimal" for this 
criterion. I feel this is accurate considering the challenges that were discussed earlier. 
In 1996, Missoula formalized a working standards and specification manual that had 
been in draft form for many years. The manual outlines all standards for tree care on public 
property, whether carried out by a public or private agency. It requires that businesses 
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soliciting tree care within the city acquire appropriate licenses, permits, certifications, and 
insurance in order to provide the best service to the community. This manual has been 
ratified by the city administration and is in its second edition. It serves as a guide book for 
the department of Public Works, Office of Planning and Grants, the Parks and Recreation 
Department, and any other agencies that require information or guidelines on tree 
management in Missoula. This manual provides critical information for new development, 
tree selection, licensing, permits and other vegetation needs of the community. The 
document outlines procedures for areas of responsibility, technical requirements on planting, 
pruning, tree preservation and removal, design requirements, fire protection, and chemical 
application. It also includes the desirable tree list for public lands (Rogers 1996). There are 
portions of the manual that highlight the language outlining the philosophical building blocks 
for the City's urban forestry vision. The document provides insight into previous urban 
forestry related documents in order to build a basis to continue growth of Missoula's urban 
forestry program. The performance indicator is "optimal" for this criterion. 
Citizen safety is at the forefront of Missoula's urban forest management plan. Its 
number one management objective states, "commit to a strict hazard reduction program for 
dead and dying trees each year" (Rogers 1993). The program has removed approximately 
700 dead, dying, diseased and defective trees along its streets and parks since 1993 
(CANOPY 1998). Each year a list of trees is systematically evaluated to identify which ones 
provide fewer benefits than liabilities. This is what ultimately drives the City's removal list 
for that year. The performance indicator for this criterion is "good." The City provides 
reasonable care for its citizen's safety, within the realm of its budgeted dollars. 
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Missoula has initiated a very simple philosophy for its green waste recycling 
program. That is "use everj^hing within our means, and within state laws to make the waste 
useable, and landfill as a last resort." Missoula cannot be considered a closed system for 
wood waste because there are some by-products produced that as of yet, cannot be disposed 
of other than in landfills. This is woody debris that cannot be milled or used as firewood, 
and state regulations prohibit the City frorn composting the material. The State will not 
allow the urban forestry program to stockpile the material because of dumping guidelines, 
so the only option is to place it in landfills. Currently, operations provide the citizens of 
Missoula with millable logs, firewood, and woodchips. The remainder goes to Eko 
Compost, Inc, a local organic material processing firm or to the local landfill. Alternative 
uses have produced wood siding, main construction beams, violins parts, wood bowls, and 
other assorted other items. The performance indicator for this criterion is "good." 
CHAPTER 4 SUMMARY AND CONCLUSIONS 
4 Introduction 
My intent in performing this exercise was to describe and analyze the application of 
the MUFS to Missoula, Montana, and to critique the model as it applies to urban forest 
management in northern Intermountain West communities. This was accomplished by two 
steps. First, the fundamentals of current urban forest practices were established, as they 
apply to Missoula's urban forest resource, and as they lend support to MUFS. Secondly, the 
model was reconstructed and applied to the urban forest resource in Missoula and Great 
Falls, Montana, and Lewiston, Idaho. This was done in order to provide necessary 
information to critique the model, as it applies to urban forest resources in the Intermountain 
West. 
Developing fundamentals for urban forest management was a necessary step in order 
to establish direction for model application and critique. Values that support a sustainable 
urban forest differ somewhat from values that support a traditional forest sustainability 
model. As was mentioned in Chapter One, Missoula's urban forest is the sum of all woody 
and associated vegetation, including the trees that inhabit yards, streets, parks, cemeteries, 
and other developed lands in Missoula Valley. I believe an additional component, critical 
to urban forest sustainability, includes incorporating developed areas adjacent to natural 
systems. Interface land areas are a critical element that must be included in the definition of 
Missoula's urban forest. These urban forest resource elements and human-made scenarios 
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create some very unique, yet challenging management issues that are usually not encountered 
in managing strictly rural forest systems. It is these elements that require many 
interdisciplinary strategies to truly achieve a sustainable system. 
The benefits of trees located in urban forestry settings are often described in physical 
and biological terms, but there are many intrinsic values that have more recently been 
researched, that provide a further basis for management. Besides air and water quality 
improvements, mitigation of urban heat islands and noise abatement, benefits such as 
enhanced moods, healing, and a greater social well-being have also been associated with 
healthy urban forests. It is reasonable to define these values in order to establish a basis for 
urban forest sustainability. 
Models and definitions of forest sustainability have existed for many years. The 
Brundtland Commission Report (WCED 1987) set the basic definition of sustainable forests. 
Since then, new components such as social management issues, level of scale, and other 
economic and community-based components, have been incorporated into this equation. 
Clark et al. (1997) are the first group to create a model of urban forest sustainability, in 
which early sustainability definitions are taken a step further to incorporate these additional 
components. They include a breakdown of the vegetative resource component into elements 
that are critical to establishing and maintaining a sustainable urban forest. Elements such as 
canopy cover, age structure, age distribution, and species composition are all necessary to 
manage a system at this level. Clark et al. (1997) includes additional aspects of community 
framework such as intra-agency communication and managing partnerships with the green 
industry and regional programs. 
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Furthermore, the model evaluates resource management to include components 
necessary to urban forestry management, such as developed management plans, funding and 
staffing levels, assessment tools, enforcement policies, tree care standards and waste 
disposal. These are all critical elements that are unique to urban forest management and 
must be evaluated when critiquing the sustainability of an urban forest resource. 
Based on the results of the exercise, and particularly the information provided by 
Great Falls, Montana and Lewiston, Idaho, I conclude that while the information provided 
from the model is critical to develop strategic direction for creating sustainable programs, 
it may be appropriate to adjust the performance indicators to better fit urban forest resource 
programs in the Litermountain West. Many variables exist that are not directly controllable, 
some of which may cause inconsistencies using the current model performance indicators. 
4.1 Critique of Model Components 
Comparison of the vegetative resource in the model covers various elements 
important to sustainable urban forestry. However, in the Intermountain West, there are 
specific challenges in making accurate measurements of performance for these criteria. The 
history of the region, age of the communities, urban forest species composition, community 
framework, and funding, are very difficult to compare and quantify on a national level. 
The existence of professionally managed urban forests in the Intermountain West are 
not nearly as prevalent as in more populous areas of the East and West coasts. As mentioned 
in Chapter One, the driving force behind the development of an urban forest resource was 
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the urbanization of cities that accompanied the Industrial Revolution. The Rocky Mountains 
have traditionally been a region of slow growth and low populations. This may be attributed 
to conditions such as the harsh climates, lack of water resources and navigable waterways, 
isolated location and corresponding difficulty in harvesting and transporting products. Also, 
both the East and West coasts were the first areas developed because many of these 
components were readily available (Piatt 1994). In urban forestry terms. Rocky Mountain 
communities began growing urban landscapes no more than 100 years ago, whereas some 
of the communities in areas of the eastern United States may be on their third and fourth 
rotation of urban trees. 
Micro-climates variation is high in the Intermountain West. The mountain ranges 
provide a host of conditions that can cause tremendous problems in growing and sustaining 
trees. For example, in Missoula Valley where fairly mild winters are more frequent than not, 
an occurrence called a "Hellgate" blow or blizzard can erupt when an strong Arctic air mass 
pushes over the continental divide and sends bitterly cold air down the Blackfoot and Clark 
Fork canyons into Missoula Valley (Missoulian 1997). These events can cause incredibly 
cold air to blow against the direction of the prevailing wind, breaking the boles or toppling 
many conifers (such as shallow rooted spruces) because of normal wind shear. The cold 
temperatures are also responsible for subsequent winterkill in many trees around the area 
because of their tender acclimation. Missoula's average low temperature is 32 ° F, but when 
these arctic lows flow in they can dip well below 0 ° F. The record low in Missoula is -33 °F 
taken in January 1957 (NOAA 1990). On the eastern front of the Rocky Mountains, chinook 
winds can rapidly carry very warm temperatures into communities and snap trees out of 
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dormancy. When the cold returns the trees cannot harden off fast enough thus succumbing 
to winterkill (Thompson pers. comm. 1998). 
These climatological conditions can lead to great challenges in selecting plant 
material that can sustain these conditions. In the early part of the 20th century, the general 
tendency of intermountain communities was to plant a monoculture of "tried and true" trees 
that could sustain highly variable weather events. In Great Falls, Montana the trees of choice 
were American elm CUlmus arnencana) and green ash rFraxinus pennsvlvanica). both trees 
that could sustain the harsh climate of an eastern range environment. Missoula, in contrast, 
planted a near monoculture of Norway maple fAcer platanoides). This is evident in the 
inventory data (CANOPY 1998) in which almost 57 percent of the street trees in Missoula 
are comprised of this species. The heavy presence of maple is due to the fact that Frank 
Worden, one of the City's founding fathers, had recently moved from the northeastern United 
States and so loved the maples of that region that he wanted to plant the same in Missoula. 
Coincidently, Norway maple was a new introduction in the east that was very easy to 
propagate and had a great survival rate after planting. Recognizing this, Worden began 
shipping in maples, first by bare root stock. These trees were transported on train from 
Geneva, New York, as far west as the railroad had reached at that time, which was 
Bismarck/Mandan, North Dakota. They were then shipped by boat to Fort Benton, Montana, 
where they were switched to ox drawn carriage for the final leg of the journey over the 
continental divide and into Missoula, Montana (Browman pers. comm. 1994). About this 
same time 150 trees were also planted in the Missoula Courthouse yard, where there are still 
remnant maples growing today (County Commissioners Journal 1872). Intermountain West 
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urban tree communities are very young in comparison to many other estabhshed urban 
forests elsewhere in the United States. These forests deal with environmental conditions that 
are quite different from their native environments. 
4.2.1 Vegetation Resource 
The performance indicators for the vegetation resource appeared representative for 
intermountain communities. Canopy cover, age distribution, species mix and native 
vegetation are all important in creating and maintaining a sustainable resource. While 
communit>' age as well as climate conditions may be strong challenges in establishing these 
elements, communities like Missoula, have made significant strides in accomplishing these 
performance indicators. 
The performance criteria for the vegetation resource component of the model reflects 
a higher degree of performance than many Intermountain West communities can support. 
I believe this is true in large cities where the population and the tax base provide for more 
interdisciplinary utilization of aerial photographs or more widespread use of Geographic 
Information Systems (GIS). It may appear that the Intermountain West is behind in urban 
GIS applications as a result of its low population density. On the contrary, the frequency of 
GIS applications may be greater per capita in the Intermountan West than in more populous 
areas of the country. The lowest performance indicator for this region seems to lie in the use 
and requirements of native vegetation. Since the majority of communities in the 
Intermountain West were established on valley floors or prairie fronts, native woody 
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vegetation seems to be a less likely challenge in many areas. The City of Missoula has 
expanded into many fringe areas and faces many urban/rural interface challenges with regard 
to native vegetation. The integration of native vegetation is abundant in Missoula, however 
it does not seem to be well developed as in other areas of the region. 
One assessment tool that is widely used in quantifying vegetation resources is a tree 
inventory. Many cities have implemented this tool, both electronically and on paper. Tree 
inventories can be as simple as a snapshot of a forest taken during one day of its life. 
Inventories can be used to determine hazard potential and the further development of a 
hazard reduction program, or simply to determine short-term and long-term goals for 
resource management direction. More extensive programs include daily maintenance 
updates, and a catalog of a trees life from growth to death, including its phases of removal, 
stump-grinding, planting space, and finally a new tree. Missoula, Montana and Great Falls, 
Montana both employ the same software program to manage their trees. Lewiston, Idaho 
uses a similar, yet more limited database application. Many smaller communities in the 
Intermountain West region only have paper tree inventories, and in some cases no inventories 
at all (Bowman pers. comm. 1998, Thompson, pers. com 1998, Rosenthal, pers. comm. 
1998). There is no way to evaluate the resource if no inventory exists, other than by visual 
assessment. Generally, communities of approximately 10,000 people or more will have 
"moderate" or higher ratings for their vegetation resource. Communities with lower 
populations will have significantly lower performance relative to these indicators. In 
Montana, communities secure a higher ranking for their vegetation resource if they are able 
to fund a comprehensive tree inventory. The performance indicators are reasonably accurate 
53 
in evaluating the vegetation resource criteria. Although, because of the age of most urban 
forests and the length of time maintenance programs have been in place, Intermountain West 
communities that have tree inventories in place are above average and would likely receive 
a score higher than "moderate." If communities have achieved a higher ranking than this, 
it is usually due to an increased tax base and an established inventory program. 
4.2.2 Community Framework 
The performance indicators for the model's community framework matrix also 
appeared fairly consistent. The MUFS results indicated that urban forestry in the 
Intermountain West has a "moderate" to "good" level of community involvement. 
There is a good level of public agency cooperation in Missoula, which is essential to 
providing consistent service and management to an urban forest resource. It would be 
difficult to manage a resource in a community where development is removing the resource 
faster than it is being regrown. Clear communication within managing agencies also 
provides a fundamental basis for sustainable comprehensive management. Intermountain 
communities tend to have informal working teams at best, but as community populations 
grow, it will become increasingly difficult to achieve consistent vegetation management 
goals throughout the organization. 
Involvement of larger private and institutional landholders does not seem to be as 
important to communities of the Intermountain West as the MUFS may exhibit. The original 
intention of this model criteria was to involve larger landholders that had established forests 
54 
and landscapes within the urbanized areas (Clark pers. comm. 1998). While this may be 
more prevalent in densely populated regions of the country, Montana does not have many 
large landholders that necessarily provide a significant portion of the urban forest resource. 
Locally, the University of Montana, and public and private golf courses which own larger 
tracts of timbered property in and around the valley, have recognized the benefit of their trees 
and have employed some management strategies to maintain and sustain them as a resource. 
Several other intermountain communities have similar landholders in and around their urban 
areas, but it does not appear that there is any formal working relationship for the 
comprehensive management of these trees. 
External cooperation seemed fairly consistent within the Missoula application. While 
formal interaction with green industry professionals and neighborhoods is not a primary 
factor for Missoula's urban forest resource, there is a certain level of general cooperation. 
In Montana, the Montana Association of Nurseries and the Association of Montana Turf and 
Ornamental Professionals provide leadership in training and educational opportunities. This 
is on an informal basis with regards to urban forest management and it does establish a 
network in which plant professionals can remain consistent in their vision and management 
aims for urban forestry. There are also some formal programs with larger vegetation 
managers such as Montana Power Company, in which trees in conflict with power lines can 
be removed and replaced in a fashion which shares the cost between agencies. 
hi my experience, grass-roots level interaction appears to be responsible for much of 
the establishment of Montana's urban forests, and currently, little exists to formalize the role 
of citizen participation. The Tree City USA requirement of a tree board for recognition has 
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initiated the involvement of the private citizenry around the Intermountain West, however 
there are still many cities that do not have this tree board, and therefore are not formally 
recognized. For example, Montana has 166 incorporated cities of which 21 have received 
"Tree City USA" recognition (Rosenthal pers. comm. 1998). Communities receiving 
recognition are required to have some level of citizen participation through a sanctioned tree 
board. 
Neighborhood interaction on an informal level still seems to be the main thrust for 
participating in urban forest management. This comes in the form of tasks as little as 
committing to watering a new tree that is planted from a public or private grant, to as large 
as volunteering time to complete a city-wide street tree inventory. 
Citizen-govemment-business interaction criterion seemed to be similar in that most 
larger urban forest resource programs have volunteer, citizen activated boards. Many of 
these people have a strong interest in the program because it is a personal or professional 
interest of theirs. Tree boards, park boards, and planning boards all have some involvement 
in managing their urban forest resource. 
Generally, Missoula exhibits a high level of awareness for trees as a resource. In 
Missoula it is recognized that trees provide benefits to the community. Even on the simplest 
level, trees provide shade for citizens during the summer and this is recognized by many 
people. The extent of this recognition of benefits correspond to the level of interest in their 
forest resource. 
Regional cooperation seems the least consistent for the MUFS to validate. Within 
the model it is construed as cooperation between communities that share the same resource 
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environment and resource boundary. This may play a clearer role for communities that are 
geographically closer in distance than many of the intermountain communities. In Montana 
for example, Missoula is 165 miles from the nearest comparable program. This presents a 
tremendous barrier for some obvious cooperative functions such as equipment sharing and 
cooperative tree purchasing. However, there is a tremendous amount of cooperation when 
it comes to program feedback, such as programming success and failures, and training 
opportunities. Representation from all areas of western Montana is typical when formal 
training opportunities are presented. While this does not reflect clearly in the model 
indicators, it does show that geographic proximity (or lack thereof) is an important factor in 
developing regional cooperation. These long distances present some special challenges, but 
they also provide clearer direction and consistency in comprehensive, regional urban forest 
programming. 
The performance indicators appeared very relevant for these criteria. The most 
important factor or opportunity for increasing performance relative to these criteria would 
be the establishment of community outreach and information and education. In this way, 
green industry professionals, commercial businesses and the private citizenry become more 
aware of their urban forest resource, and continue to build the framework to develop and 
enhance its sustainability. 
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4.2.3 Resource Management 
Urban forest resource management comes in many forms in the Intermountain West, 
including in-house professional crews, contracted services, and public-issued permit systems. 
Traditionally, full privatization has not been possible for municipal tree management, 
because there are not enough local companies that can provide a comprehensive service for 
the required response. While funding options also tend to vary, there are very few park 
districts in this region. State statutes provide for the establishment of park districts, but few 
communities have been able to address maintenance concerns with this tool. Instead, many 
communities have relied on general fund dollars to manage their resources on an "as-needed" 
basis, or have levied special improvement districts to cover more specific maintenance needs. 
City-wide urban forest management plans seemed to be widely dispersed in the 
Intermountain West. Larger communities appear to place more emphasis on providing 
response to citizen calls than creating and implementing a strategic, long-term management 
plan. This may be primarily attributable to the amount of resource programming dollars, and 
the short period the plan has been in place. 
Funding levels vary from city-to-city. Some communities such as Bozeman, Great 
Falls, and Helena, Montana have initiated special service districts to produce dollars 
specifically for the management of city-owned trees. Other communities, like Missoula, still 
rely solely on general fund dollars, with the exception of special programming contributions. 
For the most part, regional funding is only provided at a level for crisis management and 
nominally to increase the health and number of the existing tree population. 
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Funding has been a major challenge in Montana over the last few decades. In 1986, 
House Bill Initiative 105 was passed which halted the raising of property taxes at the 1985 
level. This provided a large challenge for resource managers to enhance and build on their 
city's resources. Since that time, municipalities, especially in western Montana, have 
experienced slightly higher revenues, specifically because housing values mcreased 
dramatically. Even though property tax levels were frozen, tax revenue increased due to the 
higher appraised value of tax payer's homes. In 1997, the Montana legislature encountered 
this with a new bill allowing the increase to continue, but to spread it out over a 50-year 
period, which in effect stifles general-fimd-reliant programs, especially when competing with 
public uniformed services like police and fire protection (Nugent pers. comm. 1998). 
Montana is also one of the few states that does not have a sales tax. This is one tool that has 
allowed many other states to tap into other funding sources. Montana has historically voted 
down sales tax initiatives, but may take a closer look at it as a tool to tap the large Montana 
tourist markets. 
Resource conditions have a direct correlation to these budgetary challenges as well 
as to the amount of discretionary income that is spent on maintaining private property trees. 
The economic vitality of a community plays a large role on how income is spent. At the 
most basic level, pruning a tree to increase its health and physical benefits deferred in order 
to replace a roof or even buy groceries. The relatively young age of the urban forest resource, 
combined with the isolated geographic location of many Intermountain communities, has 
somewhat sheltered trees from insects and disease, and the need for cyclic maintenance. 
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Communities have not had a natural catastrophe such as Dutch elm disease or gypsy moth 
to cause them to invest more in caring for their urban forest. 
Urban forestry staffing in the Intermountain West seems to be more prevalent in 
larger communities, where the forest resource requires a higher in-house expertise. These 
communities, combined with the push to certify arborists, have established professional staff 
and private arborists around the region. Smaller communities that cannot generate the need 
for qualified arborists, resort to using city staff with little qualifications. Alternatively, 
citizens hire unqualified private individuals, or simply perform the work themselves. In my 
opinion, the sustainability of an urban forest resource is higher in areas where a greater level 
of expertise can be tapped. 
Developing methods to inventory urban forest resources has become more frequent 
in the last decade. Employing these tools to keep accurate records over an extended period 
of time can be a considerable challenge to Intermountain Western communities. 
Computerized tree inventory packages have been utilized by many intermountain 
communities in an attempt to provide the most up-to-date resource information. These are 
generally mass-produced software programs that cost from $5,000-$20,000 to purchase and 
collect data. While larger communities may be able to leverage grant monies for software 
purchases by using an inkind match, smaller communities must resort to below-average 
paper inventories, or none at all. As mentioned in the vegetation resource conclusion, it is 
my belief that larger communities may score higher on this criterion than smaller 
communities, because they have the means to collect and hold this data. However, looking 
at the number of Intermountain West communities that have integrated their inventories into 
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local Geographic Information Systems, and comparing this to a per capita average 
nationwide, Intermountain West communities may score higher than most nationally. 
Policy documents seem to be more available in cities with larger populations and with 
established programs. My belief is that for a community to establish an urban forest and to 
manage it in a sustainable fashion, it must first establish policies to control what, how, and 
why the resource gets maintained. This can come in the form of standards and specifications 
on all work done in the public right-of-way, licensing and regulating who solicits and 
performs tree work within the city, and even guiding the planning process in order to control 
what species are planted and what vegetation should be preserved. 
Larger communities in the Intermountain West have some type of ordinance or tree 
preservation guidelines in place. These have probably been initiated because of the existence 
of a resource program at a local government level, or a certain proposed activity exposed the 
need for developing a policy. For instance, a building project that may require the removal 
of many trees that could be potentially preserved and incorporated into the project design. 
Smaller communities may not have had the need to develop preservation requirements 
because development has been limited, or the resources have not been available. 
Species and site selection are also more applicable in communities with larger 
populations. These communities may have more discretionary income that allows them to 
expand their planting program or even to experiment with different species. As mentioned 
in an earlier chapter, smaller communities do not have the discretionary income to facilitate 
these types of strategies. Planting projects may then include species that are cheaper, easier 
to propagate, with shorter establishment periods, etc., and are probably poor choices to fit 
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long-term forest resource goals. It is these instances that cause a community's long-term 
resource maintenance costs to increase. 
Safety is a concern in today's litigious society, and safe trees become more of a 
management focus. The comprehensive maintenance of a community's urban forest is 
sometimes sacrificed at the cost of responding to individual citizen complaints. It would be 
desirable to have resource professionals direct the risk management of an entire community's 
urban forest, however, it is unreasonable to fund and/or dictate what actually takes place both 
on public and private propeily. Especially in Montana, where individualism is the motto of 
many, telling people what they can and cannot do with their private trees is really not 
reasonable. Most communities which provide a service for their urban,forest resource 
employ crisis management strategies or utilize informal inspections such as citizen callouts. 
These are used to specifically address public property trees. However, cities such as Great 
Falls have established strict guidelines for private trees because of Dutch elm disease and the 
fact that the disease vector (bark beetle) does not respect political boundaries. While risk 
management is a primary concern of many communities, it receives lower priority than 
responding to citizen complaints, especially when neither a resource professional nor 
political backing are available to adhere to strict program policies. This is a prime example 
of the analogy, "the squeaky wheel getting the grease." 
By-products from wood processing and residential yards have been around since 
logging and settlement came to the Intermountain West. The vast expanse of open-lands 
surrounding the community has allowed these products to easily be dealt with, whether by 
staging them in open areas or by placing them in disposal sites. There have been sporadic 
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efforts to try to utilize this material in a productive fashion. Eko Compost, Inc of Missoula, 
Montana started nearly 22 years ago in an attempt to mix city sewage sludge with organic 
wastes such as residential yard products, wood chips and tree debris (Munnerlyn pers. coinm. 
1998). While this effort has been successful, many communities around the Intermountain 
West do not have this type of facility at their disposal. Many communities still resort to 
landfills to dispose of waste materials. Large communities that have the market seem to 
attract the types of private companies that can tap the local market and support these types 
of organic disposal methods. Many others simply do not have the market to keep this types 
of companies afloat. Another obstacle to productive waste disposal comes from the State of 
Montana, which does not have any regulations prohibiting the placement of this material in 
landfills, hi contrast, other states (e.g. Illinois), have had these in effect for many years. To 
expect the Intermountain West to have closed systems at this point may be farfetched. In 
Missoula, for example, there is an organic material disposal company available, however 
they can only deal with organics that are easily compostable or woody debris less than 6 
inches in diameter. This requires that any soil/sod/rock mix or larger than 6 inch branch 
material must be disposed of at the landfill site. The State of Montana is out of 
synchronization with the private companies in facilitating an environmentally and 
economically proficient way of dealing with the disposal of organic material. 
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4.3 Conclusion 
4.3.1 City of Missoula, Montana 
The results of the exercise show great promise for Missoula's current urban forest 
resource, and its future. Nationally, the MUFS shows that Missoula ranks above average in 
areas involving supporting community framework. Cooperation within public agencies and 
neighborhoods has facilitated a broad community support network. The interaction displayed 
between citizens, government, and businesses has also ensured great success for Missoula's 
urban forestry program. These interactions have led to an increased awareness of trees 
within the community, and ultimately has fostered a greater level of cooperation in urban 
forest regional planning. 
The level of resource management in Missoula also falls above average nationally. 
Missoula has adopted many city-wide management plans and standards for the preservation 
and enhancement of its urban forest. These include standards such as hazard reduction 
policies, species selection, site requirements, and tree protection. Missoula has a 
comprehensive street and park tree inventory in place that includes GIS components. The 
City also has a professional tree care staff including five certified arborists. Organic 
recycling has also been a guiding force in the evolving of Missoula's forestry program. All 
woody debris is utilized in operations or processed at a local facility. State law still requires 
that excavation spoil and large woody debris (i.e. stumps, rotting logs) that cannot be 
processed locally be disposed of by landfill. 
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According to the vegetation component of the MUFS, Missoula falls average in its 
performance. The City has general assessments of its canopy cover, age distribution, and 
species mix. Hov^ever, Missoula scores higher in its use of native vegetation because there 
are specific standards requiring the use of this plant material for local projects. 
Two key areas that the City of Missoula should focus future efforts on are 1) 
increasing the level of their resource assessment to include; (a) private property sampling 
of trees, (b) comprehensive evaluation of city-wide (public and private) canopy cover, age 
distribution, and species distribution, and; 2) increase of funding to facilitate a more 
proactive management of the entire urban forest resource. Both of these strategies would 
provide and increased awareness of the overall condition of Missoula's urban forest resource 
as well as provide the necessary catalyst to maintain it and sustain it for future generations. 
4.3.2 Intermountain West 
Based on the results of this model application to Missoula and Great Falls, Montana 
and Lewiston, Idaho, urban forests of the Intermountain West appear to fall short of average 
performance. Primary causes of this can be attributed to lower populations, geographic 
location, age and structure of urban forest resource, social values within communities, and 
state-level legislation. It may be appropriate for communities that do not landfill their 
organic wastes to receive a higher than-average performance indicator. As mentioned in the 
community framework summarization, most of the cities within the Intermountain West do 
not employ resource professionals who could provide them with expertise and direction. 
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The sustainabihty model appears to be geared towards densely populated regions of 
the United States which may not exhibit as formidable obstacles. While urban forestry in the 
Intermountain West is a relatively new challenge, it has and will continue to have the same 
resource needs as other programs around the country. The model on urban forest 
sustainabihty is an excellent tool to evaluate an urban forest resource program and to 
provide critical direction. 
The MUFS recognizes and identifies the nature of societies in cities and encourages 
community participation at the most grass roots level. The model also provides for the 
continuity or the regeneration of an urban forest resource. Management of a sustainable 
urban forest is based upon a shared vision for the resource. This requires that there are clear 
goals and that management needs are balanced. 
Urban trees and forests are considered integral to the sustainabihty of cities as a 
whole. More simply, sustainable urban forests are not born, rather they are manufactured. 
They are not a random outcome, but rather a result of a community-wide commitment to 
their creation and management (Clark et al. 1997). To secure the commitment of a broad 
community and various constituents for the urban forest resource, one must first foster 
compromise and respect. There are many policy vehicles that facilitate this process including 
ordinances and management plans. It is equally important to recognize that political backing, 
many times is not done with the best eventual outcome in mind for the natural resource. Risk 
management for urban forest resources may sometimes be sacrificed in order to 
accommodate constituency viewpoints, regardless of whether it is necessarily the best 
ecological outcome for the resource. A strong commitment from the community is largely 
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a function of education, awareness, and positive incentives. This represents the most 
significant challenge; to provide information, create commitment, and guide action (Clark 
et al. 1997). 
Sustainable urban forests also require a viable resource base. Resource managers 
have long known the depth of management their resources required, however it is time that 
limitations and strengths were recognized. These include the optimal construction of an 
urban forest, arrangement of trees, areas of research, and geographic limitations. 
Utilizing the MUFS will provide insight into the sustainability of individual 
resources. However, modifying the performance indicators as I have suggested may better 
reflect the sustainability of urban forests in the Intermountain West. 
Only by making these types of model interpretations can we better understand the 
complexity of building a sustainable urban forest. There is a tremendous amount of research 
that can be done to better understand how to accomplish this. The physical constraints of 
growing mesic hardwood forests in a semi-arid environment, securing funding, and creating 
strategies to inform and educate the citizenry are prime examples of how to increase the 
sustainability of urban forests in the Intermountain West and in the future. 
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APPENDIX A. MUFS RESULTS - GREAT FALLS, MONTANA 
Appendix A.I: Vegetation Resource 
Criteria Performance Indicators Key 
Objective 
Low Moderate Good Optimal 
Canopy cover No assessment Visual assessment 
(i.e. photographic) 
Sampling of tree 

























Provide for uneven age 
distribution. 









Provide for species diversity 
Native 
vegetation 
No program of 
integration 
Voluntary use on 
public projects 
Requirements for 
use of native 






Preserve and manage 
regional biodiversity. 
Maintain the biological 
integrity of native remnant 
forests. Maintain wildlife 
corridors to and from the 
city 
Criteria and performance Indicators for the vegetation resource in Great Falls, Montana. Shaded areas indicate 
Great Falls resource assessment (Clark et ai. 1997). 
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Appendix A.2: Community Framework 
Criteria Performance Indicators Key Objective 










Insure all city departments 











Clear goals for tree 












Large private land-holders 
embrace city-wide goals and 
objectives through specific 




among segments of 
industry (nursery, 
contractor, arborist). 










certificates for right 







The green industry operates 
with high professional 
standards and commits to 




No action Isolated and/or 








At the neighborhood level, 
citizens understand and 



















All constituencies in the 
community interact for the 






Low - trees as 
problems; a drain 
on budgets 
Moderate - trees 
as important to 
community 










The general public 
understands the value of 














Provide for cooperation and 
interaction among 
neighboring communities 
and regional groups. 
plans 
Criteria and performance Indicators for the community framework in Great Falls, Montana. Shaded areas 
indicate Great Falls' resource assessment (Clark et al. 1997). 










No plan Existing plan 














Develop and implement a 
management plan for trees 










to provide for net 
increase in 
population and care 
Adequate 
funding, private 





Develop and maintain 
adequate funding to 
implement a city-wide 
management plan. 




Employ and train adequate 











Develop methods to collect 
information about the urban 
forest on a routine basis. 
Protection of 
existing trees 
No policy vehicle Tree preservation 















Conserve existing resources, 
planted and natural, to 















Provide guidelines and 
specifications for species 
use, including a mechanism 
for evaluating the site. 
Standards for 
tree care 
None Standards for 
public tree care 
Standards for 
pruning, stock, etc., 
for all trees 
Standards part of 
community-wide 
vision 
Adopt and adhere to 
professional standards for 
tree care. 






Safety part of 
cost - benefit 
program 
Maximize public safety with 
respect to trees. 
Recycling Simple disposal (i.e. Green waste Green and wood Closed system - Create a closed system for 
landfilling of green recycling waste recycling - no outside tree waste. 
waste) reuse disposal 
Criteria and performance Indicators for the resource management in Great Falls, Montana. Shaded areas 
indicate Great Falls' resource assessment (Clark et al. 1997). 
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APPENDIX B. MUFS RESULTS - LEWISTON, IDAHO 
Appendix B.I: Vegetation Resource 
Criteria Performance Indicators Key 
Objective 
Low Moderate Good Optimal 
Canopy cover No assessment Visual assessment 
(i.e. photographic) 
Sampling of tree 

























Provide for uneven age 
distribution. 














Voluntary use on 
public projects 
Requirements for 
use of native 






Preserve and manage 
regional biodiversity 
Maintain the biological 
integrity of native remnant 
forests. Maintain wildlife 
corridors to and from the 
city. 
Criteria and performance Indicators for the vegetation resource in Lewiston, Idaho. Shaded areas indicate 
Lewiston's resource assessment (Clark et al. 1997). 
Appendix B.2: Community Framework 
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Criteria Performance Indicators Key Objective 










Insure all cily departments 











Clear goals for tree 












Large private land-holders 
embrace city-wide goals and 
objectives through specific 




among segments of 
industry (nursery, 
contractor, arborist). 










certificates for right 







The green industry operates 
with high professional 
standards and commits to 




No action Isolated and/or 








At the neighborhood level, 
citizens understand and 



















All constituencies in the 
community interact for the 






Low trees as 
problems; a dram 
on budgets 
Moderate - trees 
as important to 
community 










The general public 
understands the value of 














Provide for cooperation and 
interaction among 
neighboring communities 
and regional groups. 
plans 
Criteria and performance Indicators for the community framework in Lewlston, Idaho. Shaded areas indicate 
Lewiston's resource assessment (Clark et al. 1997). 










No plan Existing plan 














Develop and implement a 
management plan for trees 










to provide for net 
increase in 
population and care 
Adequate 
funding, private 





Develop and maintain 
adequate funding to 
implement a city-wide 
management plan. 




Employ and train adequate 











Develop methods to collect 
information about the urban 
forest on a routine basis. 
Protection of 
existing trees 
No policy vehicle 
















Conserve existing resources, 
planted and natural, to 















Provide guidelines and 
specifications for species 
use, including a mechanism 
for evaluating the site. 
Standards for 
tree care 
None Standards for 
public tree care 
Standards for 
pruning, stock, etc., 
for all trees 
Standards part of 
community-wide 
vision 
Adopt and adhere to 
professional standards for 
tree care. 






Safely part of 
cost benefit 
program 
Maximize public safety with 
respect to trees. 
Recycling Simple disposal (i.e. Green waste Green and wood Closed system Create a closed system for 
landfilling of green recycling waste recycling - no outside tree waste. 
waste) reuse disposal 
Criteria and performance Indicators for the resource management in Lewiston^ Idaho. Shaded areas indicate 
Lewiston's resource assessment (Ciark et al. 1997). 
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